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I EXECUTIVE SUMMARY 

The purpose 
sodium chloratc 
protection thnt 
they be exposed 
tests were 
exposure times. 
was 600°F. 
which sodiuri 
from two 
exist but the 
the physical 
to teniperatuyes 

of this testing was to determine the temperatures that would cause self-activation of 
oxygen generators. The data will be used to establisli the degree of thermal 

would be required to prevent the activation of cheniical oxygen generators should 
to heat from a cargo compartmeiit fire involving other materials. Twenty-three 

ccnducted inside a funlace with the generators subjected to various temperatures and 
The miniiiium temperature that caused the activation of one of the generators 

A literature search revealed a range of temperatures between 482" and 572°F in 
chlorate wi11 start to decoinpose and liberate oxygen. This project used generators 

Other generator manufacturers 
r products were not tested. Due to uncertainties with other designs not tested and 
xoperties of sodium chlorate, it is recommended that the generators not be exposed 

di--?ferent manufacturers that were readily available. 

above 400°F. 



I INTRODUCTION 

of oxygen generators on passenger aircraft was banned following an in-flight cargo 
crash of a ValuJet DC-9 near Miami, Florida, on May 11,  1996. 

the forward cargo compartment that resulted in an uncontrollable fire [ 1). 
had been removed from other aircraft after exceeding the permitted 

shipped back to the airline headquarters. The generators were 

The 
accident was determined to be the inadvertent activation of one or more 

declared as hazardous materials. 

Sodium chl rate oxygen generators are installed on many aircraft models to provide tlie oxygen 
source for energency passenger breathing air. This air is required in the event of a fuselage 
depressuriza ion while at altitude. The oxygen generators consist mainly of a sodium chlorate 
and iron po der- mixture. Sniall quantities of other chemicals such as barium peroxide are also 
added to eli iinate chlorine and control the reaction [2]. Most generators are equipped with a 
variety of eclianical spring-loaded mechanisms that strike a primer cap in one end of the 
generator. 1 his produces sufficient heat to initiate the chemical reaction that liberates oxygen. 
A lanyard i$ typically attached between the passenger oxygen masks and the spring-loaded 

oxygen mask doors open, pulling the masks down will activate 
The internal reaction 

1100°F. Iiisulation is iiistalled around the sodium chlorate core to limit 
external steel case. Maximum surface temperatures measured with 

generators initiate the reaction electrically. 

the side of the generator were approximately 400°F [3]. 

of the properties of sodium chlorate revealed that pure sodium chlorate will 
start to decompose and liberate oxygen at approximately 572°F [4]. 

of 482°F as the starting point of decomposition for sodium chlorate 
Other 

Tlic generat rs used in this testing had been in storage at the Federal Aviation Administration 
William J. 1 P ughes Technical Center for several years. They had originally been donated to the 
Technical C titer for previous testing after their removal from aircraft for exceeding their 
permitted se vice life. One of the reasons for specifying a maximum service life is that tlie 
sodium chlo .ate candle iiiside the generators can develop cracks over time. Should that occur, 
the chemical reaction could stop when it got to tlie crack and the generator would riot produce 
oxygen for 1 he entire time for which it was designed. Several hundred of the generators in 
storage had lvery recently been activated in order to dispose of them. Only a very stnall 
percentage f them failed to activate when the lanyard was pulled or to produce oxygen for 
approximate I y 15 minutes. 

1 



Twenty-thre tests were conducted in an electric box furnace. The niultiple outlet fittings that 
feed the indi idual passenger oxygen masks were removed from all generators prior to testing. 
The main ou let of the generator was then attached to a copper tube that was routed outside of the 
furnace. A iiiall strip of paper was placed over the outlet of this copper hibe and used as an 
indication o the flow of oxygen from a generator activation. Figure 1 shows the test 
coiifiguratior i . 

FIGURE 1.  FURNACE AND OXYGEN GENERATOR I 

In I8 of the (23 tests, the furnace was preheated to the desired temperature and the generators 
were placed nside. In the remaining 5 tests the generators were placed in the furnace at ambient 
temperature, a set point of 800°F was selected and the furnace was then turned on. Following 
each test, th generators were allowed to cool to room temperature. After cooling, the lanyard 
was pulled o all the generators that did not activate in the furnace to deteiniine if the generators 
were still c,pable I of producing oxygen as designed. In all tests in which the generators 
activated, exbept for tests 15 and 18, the flow rate of oxygen was consistent with the flow rate 
that the gen#riitoi-s are designed to produce in  noniial use. This is indicative of the reaction 
occurring as la result of the activation of the primer cap due to heat. The abnormal flow rates 
during tests 5 and 18 are indicative of the dcconiposition of the sodium chlorate/iron powder 
mixture at s me other location within the generator. All of the generators that activated in the 
furiiacc were1 disassembled and the primer caps were examined. In all cases, the primer caps had 

1 
9 
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activated. 
generator. 

‘igurc 2 shows the outwardly bulged generator from test 18 nest to a noriual 
able 1 summarizes the results of the testing. i 

FIGURE 2. OUTWARDLY BULGED GENERATOR AND NORMAL GENERATOR 
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I TABLE. 1.  SUMMARY OF TEST RESULTS 

Mfg 
P-B 

Exposure Time Activated in 
Furnace Temp (OF) (minutes) Fumace 

70-600 I09 No 

I I 
Test 

Able to Initiate 
After Cooled 

No 

No 
~ 

I 
1 

P B  

PI’B 

P!B 

2 

600 60 No 

600 60 No 

550 60 No 

I+ I 70-600 I 60 I No 

~~ 

JB - 400 

PJB 400 

P-rB 700 

P-B 700 

Scott 700 

Sclott 700 

PtB 70-800 

P-B 70-800 

P-B 70-800 

I 

i (700 at activation) 

(778 at activation) 

(77 1 at activation) 

400 

P-B 400 
- P-B 

3 

4 
5 

6 

___ 

__ 

~ 

60 No 

60 No 

36 Yes 

34 Yes 
60 Yes’ 

60 No 

82 Y e s  

65 Yes2 

64 Yes 

180 NO 

180 No 

P b  I 500 I 60 I No Yes 

P-lB I 500 I 60 I No Y e s  

PJB I 600 I 38 I Yes 
No 

No 7 

No 8 

9 

10 

11 

12 

13 

14 

- 

___ 

- 

___ 

- 

- 

No 
P b  I 400 i 60 I No 

~ 

No 
No 

No 

15 

No 16 

17 

18 - 

No 

No 
, 

19 

20 

21 

22 

23 

I Activ‘itdii ‘ifter 5 riirnutcs but flow rate W;~S much lower than normal 

2 Flow rate thi  ough normal outlet was much lower than normal Oxygen also leaked ou t  of primer cap end arid 
genciat$r body bulged oiitwaid due to internal pressure. 
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I CONCLUSIONS 

I .  

2. 

3 .  

1. 

2. 

3. 

4. 

to furnace temperatures at or above 600°F was necessary to cause the self- 
of sodium chlorate oxygen generators. 

to a furnace temperature of 500°F for 3 hours did not cause activation of the 
generator designs used in this test projcct. 

the uncertainty of the self-activation temperature of primer caps or electrically 
ignition squibs in other generator designs not tested in this project and the 
data stating that decomposition could occur as low as 482”F, it is recoinmended 

not be exposed to ambient temperatures above 400°F. 

I REFERENCES 

/AAR-97/06, ‘%-Flight Fire and Impact With Terrain ValuJet Airlines Flight 592, 
32, N904VJ Everglades, near Miami, Florida, May 11, 1996.” 

HIard’ng, R.M., “Oxygen Equipment and Pressure Clothing,” Aviation Medicine, 
Ernst i ng, John and King, Peter, eds., Second Edition, 1988. 

O’C nnor, Thomas R., and Hagen, Eric L., “Activation of Oxygen Generators in 
Prox’mity i to Combustible Materials,” DOT/FAA/AR-TN99/9, May 1999. 

Merc 
Editipn, 1989. 

Index, “An Encyclopedia of Chemicals, Drugs, and Biologicals,” Eleventh 1 

5 J6 


	ION
	uund
	xies

	NS
	and Oxygen Generator
	-dly Bulged Generator and Normal Generator
	iry of Test Results

